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DEVICE FOn NOKOPERATIVELY OCGLDOING A DEFECT 
IEI.0 OF THE ART 

This Invention relates to a device for occluding a defect in 
n the heart such as septal defects nonoperatively. that Is. 
Uhout perforalng an open chest or other lajor surglal operation. 
RIOR ART 

In soie heart diseases such as septal defects a hole exits in 
he .all of the heart and blood Is shunted through the hole. To 
reat the desease it has been custoiary to occlude the hole by a 
atch by perforiing an open chest operation. 

A nonoperalive lethod called the u.brella .ethod has been 
eveloped in the United Stales. 

The opai. chest lethod of treatment has a disadvantage that it 
nvolves a great lesion and leaves « scar in the surface of the 
atient's body. 

According to the u.brella .ethod. since a pair of patches 
.re connected only at the central portions thereof, the defect to 
■e occluded is not al.ays positioned at the central portions of 
he patches, so that the patches aay be displaced to cau^e 
ealtage to occur or get cut of of the defect. 

The Invention has been aceoapNshed in vie* of the above 
•roblets In the prio, art. The object of the Invention is lo 
.rovide a device .hich can nonoperatively occlude a defect si.ply 
.nd certainly .iihout leaving a scar In the surface of the body. 
iISCLOSURE OF THE INVENTION 

The device for nonoperatively occluding a defect according 
.0 the invention (.hich -ill be r.ferreJ to as the occlusive 
levlce) is characterized by that a pair of patches, each of .hich 
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coiprlses a resilient, foldable annuiar fraae and a piece of cloth 
slrelched over and fixed to the fraie. are disposed opposite to 
each other with a gap therebetween and connected by a thread, 
which is led out of one of the patches in such a aanner that ..y 
puiiing the thread ied out of the patch the two patches are 
caused to approach each other. 

It is preferable to have the two patches sewed by a thread 
along a coaxial circle on each of the patches slightly inwardly of 
the circuiferentiai edge thereof. 

The thread Is led out of one of the patches preferably at 
t.ie center thereof. 

Shrlfik-preventlng aeabers lay be provided on that surface of 
one of the patches which faces the other so as to extend froi a 
position slightly inward of the circuiferentiai edge of the patch 
i'i to a position near the center thereof. 

The occlusive device of the above construction can be 
liplanted in a defect In following aanner. The two patches, 
each of . comprises a resilient, foldable a.mular fraie and a 
piece of c.oth stretched over and fixed to thi; frawe. are folded 
and ins.:rted into a cathetsr and brought to the dei.-.ct which is 
the objective position. Then, only the front patch beyond the 
defect is restored to its annular shape by the resiliency of the 
a.intii^r f'aie. Then, the rear patch In front of the defect is 
restored Ir ;rs annular shape by the resiliency of the annular 
frai*. Then, the thread extending 1ro» the rear patch J: pulled 
so as to cause the two patches at the opposite sides of the defect 
to approach each other and hold the periphery of the defect 
therebetween. As a result, the defect can be nonoperatively 
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occluded by the l.o patches sl.ply .„d cerl.Inly .Hhout scarring 
Ihi: surface of the body. 

If the t.o patches are se.ed by a thread aiong a circle a 
Httle l«..rd of the circu-fer.nti.l edge of each of the patches, 
the t.o patches are put together a little in.ard of the clrcu.- 
ferentlal edge of the defect. .0 that the peripheral portions of 
Ihe patches can hold the peripheral portion of the defect the 
.ore securely, with the thread led out of the patch at It, central 
PTt. by pulling the thread It I. possible to cause the t.o 
patches to approach each other efficiently In .ell-balanced 
condition. 

•ith the shrlnk-preventing .enbers provided on one of the 
patches in such a lanner that they extend fro. a position a 
little inward of the periphery of th, patch to a position near the 
enter thereof. It Is possible to prevent the patch fro. being 
Shrunk in the radial direction .hen the thread Is pulled, and 
occlude the defect by the t«o patches without fall. 
BRIEF DESCRIPTION OF THE DRAVINGS 

Fig. fls a side sectional vie. sho.Jng an occluslvs device 
according to one e.bodi.ent of the Invention; Fig. 2 is a 
perspective vie- of the occlusive device; Figs. 3 and i are 
perspective vie.s sho.in, the process of folding the occlusive 
device ..,d Inserting it into a catheter; Figs. 5. 6. 7. 8. 9. lO. 
n and 12 are side sectional vie., sho.Ing the process of 
l.p«.«ting the occlu,lve device In a defect: Figs. 13. H and 15 
are side sectional vle.s sho.Ing In an enlarged scale the outer 
and inner tubes provided at the center of the occlusive device; 
ng. 16 IS a sectional v,ea sho.Ing a thread cutter used In the 



10 



IS 



20 



25 



-bov. e.bod...ol; f,,. „ „ , ,,„,„^ operaUo!'or 
thread cutter: Fig. I8 „ . perspective vie. of an occlusive device 
according to another e.bodi.ent of the invention: Figs. 19. 20 
and 21 ar, perspective vie.s sho.Ing th. process of l.p„„ung 
the occlu.lon device: F,,,. „ „ perspective views 
shc.ng different .anners of leading the thread out of the patch: 
2. Is a perspective vie. of an occlusive device according to 
'»o<"-"t Of the invention: Fig. 25 Is a sectional 
VI.. Showing a thread cutter according to another e.bodi.ent of 
th. invention: Fig. 28 Is a vie. showing the operation of the 
thread cutter: Fig. 27 |. . „et.on.l view of a thread cutter 
according to still another e.bodi.ent of the invention: Fig. 28 
I* a vie. shclng the operation of the thread cutter: and Figs 29 
through 37 are views sche.atlcaNy showing the structures for 
connecting the central portions of the patches. 
BEST MODES FOR EMBODYING THE INVEHTIOK 

The invention .ill be described belo. In detail „th refer- 
«nce to the e.bodi.ents thereof shown in the acco.panying drawings 

The occlusive device A according to the Invention co.prlses 
a pair Of matches 3 and a thread.. Each of the patches 3 
comi.es , resilient, fold.ble annular fra.e , and a piece of 
Cloth 2 stretched over and fi.ed to the fra.e. The clo.h 2 is 
-ed or otherwise fixed to the fra..,. The shape of the patches 
'^"otli.ited to a circle but .ay be an ellipse. The cloth 2 is 
-aOe Of polyester. 1 1 is not . I., td to thi s .ater i al The 
annular fra.e 1 ,s .ade of a flexible .ateria, highly capable of 
resilient restoration, such as a wire of Tl-Ni alloy Th. 

'-ot n.ited to the alloy. The two patches 3 are -0 
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•rranged « lo f.c, each other .cro.s . gap .„d connected by , 
thread i. on. end porUon of .hkh extends oot-ardly of one of the 
patches 3 ,o that .s the end portion of the thread 4 I, pulled, 
the t«o patches 3 approach each other. 

In the e.bodi.ent sho.n in Fl,,. , through 17. the t.o 
P-tches J are alternately se-ed .lth a first thread 4. .aUng 
stitch,, along one half of a circle on each of the patches J 
r.dl.lly in.ard of the circumferential edge thereof and .lth a 
second thread 4. .,|.|„g stitches along the other half of the 
circle. Each of the threads 4. and 4. has It, on. end fixed to 
o«e of the patches 3 and the opposite end portion passing ,l,d.bly 
through a reinforcing .e.ber 31 provided at the center of the 
patch 3. .lth a considerable length of the thread .xtendinx 
outwardly of the .e.ber 31. The relnforc'ng .e.ber 31 is .ade of 
robber or the 111... .,th the threads 4. and 4, being held by the 
reinforcing .e.ber 31 by friction. The reinforcing .e.ber 31 I, 
provided at its center .lth a through hole 32. through .hich a 
carrying .,re II slid.bly p.ss.s. An outer tube 33 projects fro. 
one end surface of the reinforcing .e.ber 31 c:,i J.., an open end 
toward the opposite patch 3. at the center of which an Inner tube 
U I, fixed so as to be able to be Inserted Into the outer tube 
33. Undercuts 33a and 34a engageable with each other are for.ed 
on the inner circu.ferentlai surface of the outer tube 33 and the 
o«te- clrcu.ferentlal surface of the inner tube 34. respectively. 
»" this e.bodi.ent. the outer lube ,3 is integral with the 
reinforcing .e.ber 31. Preferably, .t .east one of the outer and 
•oner tubes 33 and 34 Is .ade of plastic .aterlal such as 
synthetic resin. 
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In this e.bodi.,nl. on the patch J fro. .hich the threads 
and are led out there are provided - pair of shrink-preventInK 
■e.ber* 3S for preventin, defor.atlon of the patches 3 -hen they 
•re put together. The shrlnk-preve.t log .eob.rs 5 are tubular 
■e.bers .ade of a .aterlal relatively lo. In resiliency, through 
.hIch those portions of the threads 4. and 4, extending fro. the 
peripheral portion of the patch to.ard the reinforcing .e.b.r 31 
•t Ihe center thereof pass. Even .hen the end portions of the 
threads 4, .„d 4, .hich are led out of the patch are strongly 
pulled to tension the thread,, the shrink-prevent lag .e.bers 5 
effectively and certainly prevent the patch 3 fro. being defor.ed 
and shrunk so .uch that the patch 3 slips off the defect 7. 

The occlusive device A of the above construction is intro- 
duced Into a body by .e.ns of a catheter 6. and the carrying 
•Ire II and a thread cutter 8 inserted into the catheter. The 
carrying .ire II ,s a .etal wire hard to be bent, .hen the 
occlusive device A Is to be inserted Into a body, the for.ard end 
of the .Ire Is slid through the hole 32 in the reinforcing .e.bcr 
31 provided on the rear patch 3 and press-fitted into the Inner 
tube 34 of the front patch J. so that the t.o patches 3 are held 
by friction on the c.rrylnj .Ire II 1„ an opposed relation. 

The thread cutler 8 Is of a dobul. tube construction co.pris- 
in. an outer .etal tube 9 and an Inner .etal tube 10 slldably 
inserted Into the outer tube 9. .i.h the for.ard end portions 
thereof being Shaped as sho.n in fig. ,s. In particular, the 
for.ard end portion 9a of the outer .et«l tube 9 is slightly 
curved and a lateral .,„do- 9b Is for.ed In the curved portion ,a. 
The for.ard end portion of the Inner .etal tube 10 Is cut aslan, 
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and the pointed end lOa thereof projects outside through the 
lateral .Indot 9b of the outer Mtal tube 9. As the Inner letai 
tube 10 is slid in such a direction that the pointed end lOa 
thereof projects farther outside, the cut edge lOc of the inner 
■etal tube 10 coies into contact -ith the edge 9a of the above- 
•ention.d lateral .indo* 9b as shown in Fig. 17. so that the 
threads 4, and 4, introduced into the inner aetal tube 10 froi 
the forward end of the outer aeta! tube 9 are nipped and cut by 
the t«o edges 9c and lOc. 

The steps of introducing the occlusive device A into a body 
by using the catheter 8. the wire 11 and the thread cutler 8 as 
■entloned above are as follows: First, the Mtch 3 positioned 
In front is folded In four and inserted Into the catheter 6 
through its rear end. and the other patch 3 positioner in the rear 
Is folded in four and inserted Into the catheter 6. Fig. j shows 
the patches 3 as they are being folded, and Fig. i shows the 
patches 3 cotpletely folded to such a degree that they can be 
Inserted into the catheter 6. The threads 4. and 4, connecting 
the two patches 3 extend outwardly froi the patch 3 disposed in 
the rear. The threads 4, and 4, connecting the two patches 3 are 
kept slackened, and the end portions of the threads 4, and 4, 
leading fro. th« rear patch 3 are passed through the outer and 
Inner wetal tubes 9 and 10 of the thread cutter 8 to iie outside 
so as to be able to be pulled outwardly. 

The shrlnk-preventing lenbers S need not be folded If the 
patch 3 with the ■eibers 5 is folded In such a ■anner that ihe 
ueibers $ lie in the saie direction as the ax's of the catheter i. 
The thread cutter 8 and the carrying »lre II are Inserted into 
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the catheter 6 through the rear end tl.ereof. .ith the carrying 
•Ire il pushing the patches J forturdly in the catheter. 

For .ctual operation «ithln a body, the catheler 6 is 
inserted Into the fe.oral vein near the groin as far as the front 
end of the catheter I coies near the defect 7 as sho.n In Fig. 5 
and passes through Ihe defect 7 as sho.n in Fig. 6. Then, the 
front patch 3 is pushed out of tht catheter 6 to reside at the 
re.ote side of the defect 7 as sho.n In Fig. 7. .hereupon the 
patch 3 auto.atlcally expands beyond the defect 7 due to the 
resiliency of the resilient, foldable annular fra.e 1. Then, the 
catheter 8 Is dra.n as far as the front end thereof co.es back to 
the near side of the defect 7 as sho.n in Fig. g. fjih the 
carrying .Ire It fixed at the position, the catheter 6 alone Is 
farther dra.n. so that the re,r patch 3 is also released fro. 
•Ithin the catheter 6 a, sho-n in Fig. J. Then, the patches 3 at 
both sides are put together to occlude the defect 7 In the 
folio.;.-,, .enner. As sho.n in FIg.lO. .Ith the front and rear 
patches 3 disposed at the re.ote and near sides, respectively, of 
the defect 7. the front end of tht catheter $ is applied to the 
outer surface of the rear patch 3 and the threads <. and I, are 
pulled, .hereupon the front patch 3 Is dra.n re.r-ardly into 
contact .ith the rear patch 3. .ith the carrying .ire 11 sliding 
rear.ardly against a slight resistance provided by the reinforcing 
.e.ber 31 of the rear patch 3. Then, as the threads and 4, 
are strongly pulled, the peripheral portions of the cloths 7 of 
the patches 3 se.ed together .ith t.Se treads are strongly dra.n 
together thereby to hold the periphery of the defect 7 
therebet.een the .ore securely. The nearer the circle along 
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-•..ch tl. pauhes .re seed is to the sfze of th, ,e?i9P?^^^ 
.ore securely the patches occlude the defect ; to prevent .eah,,. 
therethrough. As .he threads .„d are pul.ed strongly, the 
fo patches 3 are put together strongly so as to hold therebetween 
the periphery of the defect 7 strongly. 

-hen the t.o patches 3 have been closely put together as 
^ho-nlnFig. n. the carrying .Ire „ ,spul,.d bacK strongly 
•Ith the catheter 6 being held against the rear patch 3. -hereupon 
the front end of the carrying .ire 11 ,s pu.i.d out of the 
resilient inner tube U on the front patch 3 into the catheter 6 
Then, as th, inner «t»l tube ,0 of the thread cutler a is pushed 

for..rdly into the outer ..ta, tub. , thereof, the threads 

are cut in the ..„„er previously .entioned. .hereupon the 
occlusive device A has bee,, separated fro. the catheter 6 the 
carrying .ire 11 and the thread cutter 8 thereby to co.pl.te 
occlusion of the defect 7 as shown in Fig. 12. 

AS the t.o patches 3 are put together at the se.ed portions 
thereof, the inner tube U provided on the front patch 3 i, fi,ud 
•nto the outer tube 33 provide.^ on the rear patch 3 .hile being 
reslllently defor.ed. and the undercuts ,4a and 33a for.ed on th. 
inner and outer tubes 3. and 33 engage each other Inseparably 
FI.. .3 sho.s the inner tube 34 i..edlat.,y before it Is inserted 
into the outer tube 33: Fig. ,4 sho.s th. Inner tube 34 having 
been fitted into the outer tube ,3: and Fig. ,5 sho.s the carrying 
-Ire 11 having been pulled out of the inner tube 34. 

18 sho.. another e.bodiient of the occlusive device A 
this e.bodl.ent. a pair of patches 3 are .itern.te.y se.ed 
•ith a continuous length of thread ,4 .aKing sti tches aiong a 
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cutter blades JOf foried b> the «dges of the l.o or three^jrli« 
are p-it tojcether lo nip and cut the threads. If the threads are 
not cut under th* condition, by pullin« thei strongly It Is 
possible tc cut Ihta. 

The veans for conneclins the central portions of the patches 
put tosether at the opposite sides of a defect is not liaited to 
the above-ientioned eBbodiienls. but lay be constructed as sho.n 
In Figs. 29 through 37. These figures scheiatital ly sho- the 
coostrucllcns »ithoul the threads and the thread cutter. 

In the e>bodiaeftt shoin in Figs. 29 through 31. the outer 
tube 33 and the inner tube 31 foried at the central portions of 
the patches 3 are lerely tubular tithout an undercut on either of 
the outer and inner circuiferential surfaces of the tubes. >tth 
the patches disposed as sho«n in Fig. 29. as the thread is pulled 
to put the patches together, the inner tube 34 is fitted into the 
outer tube 33 agains» the frlctlonel resistance between the 
sliding surfaces of the lubes. Then, the carrying .ire U is 
pulled strongly, .hereupon the carrying .|re 11 coses off the 
inner tube 34 so as to be separated troB the patches 3. 

In the eabodiaent sho.n in Figs. 32 through 3S. a tube 34 
corresponding to the above-ient ioned inner tub? is provided at 
the center of one of the patches 3 by .eans of a connecting .ire 
36 provided .ith an expanded, resilient y deforiable fastening 
■e.ber J7 fu, preventing separation of the patrhes. A conical 
enlargeient 11a is for.ed near the front end of the carrying .|re 
II iniertid Into the above-.ent ioned tube 34. In this e.bodi.ent. 
.Ith the patches 3 disposed as shown in Fig. 32. as the thread 
not sho.n is pulled tc .ove the patches Icard each other, the 
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carrying .Ire 11 slides resr.ardly through a reifforcin/.Eibt^^J ^ 
of rubber provided at the center of the rear patch. When the 
conical enlargeient lis on the carrying aire II has coie near the 
r«»r patch 1. the catheter S Is fixed with its front end abuttiug 
on the rear patrl. 3. and the carrying «ire 11 Is pulled, so that 
the conical enlargsnent M together tith the previously lentioned 
lube 34 and separation-preventing fastening ■eaber 37 passes 
through the central hole 32 of the reinforcing aeiber 31 .hile 
reslliently expanding it as shown In fig. 33. fith the front end 
of the catheter 6 held against »he rear patch 3. the carrying 
-Ire n is strongly pulled back, whereupon the wire 11 coies off 
the tube 34 as shown In Fig. 34. Then the catheter 6 and the 

carrying wire 11 are drawn out as shown In Fig. 3S. 

In the eibodUent shown in Fig. J8. the separation-preventing 

fastening aeaber 37 Is oiitted. 

In the eibodiient shown in Fig. 37. instead of the separatlon- 

P-eventlng fastening leiber 37. the tube 34 is for«ed at its base 

with an integral expanded fastening aeaber 34a. 

POSSIBLE APPIICATIONS IN INDUSTRY 

Th« device for nonoperatively occluding a defect is useful 

fcr nonoperative treat.ent of arterial septal defect, ventricular 

septal defect, patent ductus arteriosus, dissecting aneurysm 

ruptured aneurysi. etc. 
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CLAIMS 

1. A device for nonopT.llyly occluding . defect ch.ncle? Zfd' 
by th.t . p.ir of p.Uhe. „ch ccpri.ln, . fU^lble. fold.ble 
' • «' 'treUh.d ov.r .„d fixed to the 

' • " " "ch ot sewed together by a 

thread l„ ,„ch . ..„„.r th,t ., the thre.d led out of one of the 
P.tche. I, dr..n. the p.tch.s are .ov.d to approach each other. 

2. The device for nonop.ratlvely occluding a defect described in 
clal. , end characterized by that the two patch., are se.ed .ith the 
^hr.ad along . coaxi., circle a little In.ard of the clrc«.f.r.«tia. 
edge of each of the patches. 

3. Th. device for nonoperatlvely occluding a defect described In 

cl-l. 1 and characterUed by that th. .„d portion of the thread for 

the patches tog.th.r Is led out .f the centra, portion of on. 
Of the patcnes. 

"""" °" •< ». U. ... 

..r-.c. ... „ ... „ „ ^^^^^ ^^^^^ ^ 

fosltlon n.ar th. c.nt.r th.r.of. 
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